Elevated presence of retrotransposons at sites of DNA double strand break repair in mouse models of metabolic oxidative stress and MYC-induced lymphoma.
The chromosomally integrated shuttle vector pUR288 contains a lacZ reporter gene to study mutagenesis in vivo. We used pUR288 to compare patterns of genomic instability in two mouse models, lymphoma resulting from deregulated c-MYC expression (lambda-MYC), and endogenous oxidative stress caused by partial glucose 6-phosphate dehydrogenase (G6PD) deficiency. We found previously that spontaneous mutations in both models were predominantly genomic rearrangements of lacZ with mouse sequences, while most mutations in controls were point mutations. Here, we characterized the fine structure of 68 lacZ/mouse rearrangements from lambda-MYC lymphomas and G6PD deficient mice by sequencing breakpoint junctions and determining the origin of recombining mouse sequences. Fifty-eight of 68 (85%) recombination partners were identified. The structure of rearrangements from both lambda-MYC and G6PD deficient mice were remarkably alike. Intra-chromosomal deletions and inversions were common, occurring in 41% (24/58) of rearrangements, while 59% (34/58) were random translocations between lacZ and other chromosomes. Signatures of double strand break repair by nonhomologous end joining were observed at breakpoint junctions; 37% (25/68) contained 1-4 bp microhomologies, while the remaining breakpoints had no sequence homology. Long interspersed nuclear element-1 (LINE-1 or L1) retrotransposons, which constitute approximately 10% of the mouse genome, were present at 25% (17/68) of breakpoints, suggesting their participation in rearrangements. The similarity in the structure of rearrangements is consistent with the hypothesis that genetic rearrangements in lambda-MYC lymphomas and G6PD deficient mice result from the same mechanism, mutagenic repair of DNA double strand breaks arising from oxidative damage.